U ltrasound (US) was used to determine the congruity of the shoulder in 22 children with a deformity of the shoulder secondary to chronic obstetric brachial plexus palsy. There were 11 boys and 11 girls with a mean age of 4.75 years (0.83 to 13.92). The shoulder was scanned in the axial plane using a posterior approach with the arm internally rotated. The humeral head was classified as being either congruent or incongruent. The US appearance was compared with that on clinical examination and related to the intraoperative findings. All 17 shoulders diagnosed as incongruent on US were found to be incongruent at operation, whereas three diagnosed as congruent by US were found to be incongruent at operation. The diagnostic accuracy of US for the identification of shoulder incongruity was 82% when compared with the findings at surgery. US is a valuable, but not infallible tool, for the detection of incongruity of the shoulder. Obstetric brachial plexus palsy (OBPP) has a reported incidence of between 0.09% and 0.2% of live births.
Obstetric brachial plexus palsy (OBPP) has a reported incidence of between 0.09% and 0.2% of live births. 1, 2 Most children show spontaneous recovery with little deficit, 3, 4 but those with chronic OBPP often have problems related to the shoulder, including an internal rotation contracture which may progress to a complex deformity of the glenohumeral joint. [5] [6] [7] [8] Surgical management of these children requires preoperative knowledge of the position of the humeral head within the glenoid, which can be difficult to determine by clinical examination. Previous studies have described the use of arthrography, 5,9 CT 6,8,10,11 and MRI 6, 12 in the assessment of deformity of the shoulder. A single case report has illustrated the use of ultrasound (US) in the diagnosis of posterior dislocation of the humeral head in an infant with Erb's palsy. 13 Our aim was to describe our initial experience of the use of US before operation for the assessment of congruity of the shoulder in children with chronic OBBP.
Patients and Methods
Over a period of 13 months, 22 children with chronic OBPP were admitted for surgery to the shoulder. There were 11 boys and 11 girls with a mean age of 4.75 years (0.83 to 13.92). The clinical diagnosis of incongruency of the shoulder was made by a combination of examination of the posture of the limb, palpation of the shoulder and measurement of the range of passive lateral rotation. The classification of Narakas 14 was used to grade the degree of neurological recovery. US examinations were carried out either on the afternoon before or the morning of surgical exploration. All were made by a consultant radiologist (AS) Fig. 1 Photograph showing technique of shoulder US.
who did not know the clinical diagnosis. Scans were obtained in the axial plane with the shoulder internally rotated, using a 3.5 MHz curvilinear probe from a posterior approach (Fig. 1) . In each case, the normal shoulder was scanned first to act as a control. This defined the normal relationship between the posterior cortex of the humeral head and the posterior surface of the scapula, which in the normal shoulder is in the same axial plane (Fig. 2) . The posterior glenoid labrum was also clearly visualised. The affected shoulder was then scanned using the same technique. These shoulders were classified as being either congruent, when the humeral head was in line with the posterior scapula, or incongruent, when the affected humeral head was seen to lie posterior to the line of the scapula. Although varying degrees of posterior displacement were seen (Fig. 3) , no attempt was made to differentiate posterior subluxation from posterior dislocation. Open surgical exploration was then carried out as previously described by one of the authors 15 and the congruity of the shoulder assessed. We defined a congruent shoulder as one in which the humeral head was articulating with the true glenoid, a subluxed shoulder as occurring when the humeral head was articulating with a false glenoid, and a dislocated shoulder as one in which the lesser tuberosity was articulating with the false glenoid or with no part of the glenoid. 16 Subluxed and dislocated shoulders were considered to be incongruent. The findings at surgery were then compared with the US classification and the diagnostic accuracy of US determined.
The children were followed at intervals of six months for the first two years, and their progress recorded by clinical examination and radiographs at six months and two years after surgery. Table I gives the clinical, US and surgical findings. In all patients US was successful. Based on the degree of passive lateral rotation and palpation of the shoulder, 21 of the 22 shoulders were considered to be incongruent at clinical examination. Five shoulders were diagnosed as congruent by US and 17 as incongruent. All shoulders diagnosed as incongruent on US were found to be incongruent at surgical Axial US examination of both shoulders of a two-year-old girl with right OBPP. The left shoulder is normal, whereas the right humeral head (short arrow) is clearly displaced posteriorly in relation to the scapular blade (long arrow). The shoulder was found to be incongruent at surgery. exploration. One shoulder considered incongruent at clinical examination was diagnosed as congruent by US and found to be congruent at surgery. In three cases, US diagnosed a congruent shoulder, but the shoulder was found to be incongruent at surgery. The diagnostic accuracy of US compared with the findings at operation was therefore 82% in this group of patients.
Results

Discussion
Deformities of the shoulder in chronic OBPP are well identified in older children by plain radiography. 17 Difficulties occur in infants and younger children because of the lack of ossification of the humeral head and glenoid. Personal experience indicates that it is almost always impossible to obtain axial radiographs of good quality in children under the age of two years. Therefore alternative techniques may be required to assess the glenoid and determine whether the joint is congruent or incongruent. Arthrography has been described, 5,9 but a major disadvantage is its invasiveness and the need for general anaesthesia. Several studies have reported the use of CT to determine the degree of glenoid version, to identify dysplasia of the glenoid and to assess the degree of subluxation of the humeral head. [6] [7] [8] 10, 11, 16 It has been claimed to be more sensitive and specific than either clinical examination or conventional radiography in the assessment of congruity of the shoulder. 11 Its limitations include the associated radiation dose and the need for sedation or general anaesthesia in infants. Recently, the use of MRI has been described. 6, 7, 12 Its advantages are the ability to demonstrate, non-invasively and without the use of ionising radiation, the structure of the humeral head and glenoid cartilage, which is often thinned posteriorly. Like CT it can also identify subluxation and dislocation of the head. MRI remains, however, relatively expensive and time-consuming and infants require general anaesthesia. It is important to know the relationship between the humeral head and the glenoid fossa before operation. Surgical relocation of the displaced head is required to obtain the best possible long-term outcome.
In our study, we have tried to assess the potential of US for determining the congruity of the glenohumeral joint. It has many advantages over other imaging techniques. It is non-invasive, carries no known radiation risk and is quick, easy and relatively inexpensive. Initial attempts to image the joint from an anterior approach were unsuccessful because of its relatively greater distance from the anterior skin surface and the often enlarged, hooked coracoid process preventing access to it. Therefore, a posterior approach was used in all cases. An axial posterior image of the joint clearly shows the relationship of the humeral head to the glenoid and was possible in all of the patients who were studied. The unossified epiphysis of the humeral head is clearly visualised, as is the posterior glenoid labrum. Comparison between the normal and the affected shoulder commonly showed hypoplasia of the head and of the scapula, although this was not formally quantified. The shoulder was scanned in internal rotation with the patient erect. The elbow was flexed and the forearm held across the abdomen. This was the most comfortable position for the child to hold the shoulder which is important when trying to scan young children. Although US has the potential advantage of dynamic imaging, this was not carried out routinely since the aim of the examination was simply to identify whether the humeral head was congruent or not. The degree of instability was not considered to be relevant, nor was the potential for the head to relocate in external rotation, since incongruity was considered to be an indication for surgical relocation. There were no false-positive diagnoses of shoulder incongruity using US. All 17 shoulders diagnosed as incongruent were found to be so at surgical exploration. Of five shoulders diagnosed as congruent by US, three were found to be incongruent at surgery. There are two potential reasons for this. First, US is unable to differentiate between a congruent joint and a joint in which the humeral head was located within a well-formed false glenoid. Secondly, because of the dynamic nature of instability of the shoulder in these children, the humeral head was congruent at the time of US examination, but was found to be posteriorly subluxed at surgery under the effect of general anaesthesia and a supine position.
We believe that US is of value in the preoperative assessment of shoulder congruity in children with OBPP. With greater experience, we hope to reduce the number of false-negative diagnoses.
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